METHOD
Cats and rabbits were used as experimental animals.
Occasionally human volunteers were subjected to the test. MT in the human being was led from the left thenar eminence, when the subjects lay on their back keeping quiet, and the both arms were streched parallel to the body axis, the palms being abducted to face upward.
A soft cushion was spreaded under the arm. Light anesthesia with phenobarbital in cats or with urethane in rabbits was applied in the physiological study, whereas principally no anesthetic was used in the pharmacological study. Though the contact pressure of pickup does not alter the wave form of MT in our experiment, touching as light as possible is desirable for the purpose of faithful recording.
The pickup was connected to the electroencephalographic equipment and the amplified MT was recorded on the inkwriting oscillograph paper. In order to avoid noise, higher frequencies above 30 cycles were cut down in the amplifier.
In case of analyses of MT, automatic E.E.G. frequency analyzer was used and the coefficient of appearance of seven frequency bands such as 1-2 c/s., 2-4 c s., 4-8 c/s., 8-13 c/s., 13 20 c/s., 20 -30 c/s., and 30-60 c/s. were calculated.
RESULTS

M T in the normal condition
The frequency of MT led from the surface of a hind limb was 8-12 (most frequently 11) cycles per second in the cat and 6-14 (mostly 8) in the rabbit. In the human being the frequency of MT from the thenar eminence was 8-12 cycles, though individual differences ranged from 5 to 13 cycles ( fig. 2) of heart. A pickup was placed on the exposed intestine of a urethanized rabbit and the vibration of intestine was recorded.
The frequency was found to be only 1-5 cycles per second, apparently lower than that of MT. Acetylcholine injected intravenously in a dose of 0.01 mg/kg. enhanced the intestinal vibration, whereas MT was not significantly affected by this drug. The skull of an animal was trephined and a needle pickup was attached to the dura surface.
The vibration of brain was synchronous with the heart rate and usually avoid of the 10 cycles rhythm.
From the above experiments, the relation between MT and other rhythms in the organism was not given and only the connection with the rhythm of EEG was remained.
Regional difference in frequency It is very important to know the frequency difference in localities, because this explains whether the origin of MT is based on the strech reflex or not. Generally speaking, where the muscles are small, higher frequencies band) are prevailing and on the parts with large muscles the frequency abounds with a and 0 band.
Influence of peripheral stimulations on MT When the ear of an anesthetized cat was held by clip, MT was inhibited strongly, and after the inhibition had continued for a while, the amplitude of MT began to increase remarkably.
In case of a light anesthesia, the amplitude of MT was rather high.
A remarkable influence on MT was observed by a strong oppression of ear.
When the air was blown to the ear, a slight change was also seen.
In case of holding the nose, the inhibition of MT was observed but not so significant, and in the forefoot and tail it was not clear. When the smoke of tobacco was blown to the nose of cats, the inhibition was also shown.
In human subjects, these effects were not so noticeable as was seen in cats, but the increase in amplitude of MT was sometimes shown.
In the photic stimulation of 10 cycles by stroboscope, the alpha band was sometimes influenced, and the detailed results will be reported in near future.
Influence of the central and peripheral nervous system on MT. When the sciatic nerve of a cat was cut, the MT from the region of its innervation was enhanced temporarily and then decreased markedly. The decrease in amplitude lasted for a long time and did not recover. The MT from the other side on which the sciatic nerve was left intact, remained unchanged.
The electric stimulation of the peripheral cut end of sciatic nerve with the low intensity which produced no jerk increased the amplitude of MT as long as the stimulation was continued. All unilateral dorsal roots of spinal cord below the thoracic level were cut in a cat.
The amplitude of MT led from the ipsilateral hind limb was increased at first, followed by a gradual diminution and became hardly recognizable after one hour. MT from the contralateral hind limb remained unchanged. When aminocordin ( nikethamide) was injected intravenously in this preparation, MT of both sides was accelerated slightly.
When all unilateral ventral roots of spinal cord below the thoracic level were cut, MT from the ipsilateral limb was completely inhibited, whereas contralateral MT was not influenced. Intravenous injection of aminocordin in this preparation enhanced the contralateral MT but did not activate the depressed MT of ipsilateral limb. When the one side of labyrinth is broken, the decrease in amplitude of MT of ipsilateral hind limb was discovered. The motor area of the left cerebral hemisphere in a cat was removed while MT was recorded from bilateral hind limbs. The amplitude of MT led from the right side was slightly inhibited whereas that of the left was unchanged or increased. The asymmetry of MT following this preparation was diminished after one day or two.
Non-convulsive electroshock was given through the electrodes inserted into the both ears in a cat for three minutes.
The frequency and amplitude of MT were markedly increased not only during the electric stimulation but also after the shock.
In other experiments, the depressed MT by the intravenous injection of Amytal sodium was restored by the electro shock.
At the same time EEG was shifted to the arousal pattern and E.M.G. also increased the spike discharges.
By the mere application of an electric current to the cranium, it is difficult to decide what places are stimulated.
The application of the electrical stimulation to motor area increased MT of the opposite side hind limb clearly. Though it was not definite, a narrow inhibitory area located behind the motor area.
The inhibition of MT was observed by the application of electric stimulation to the fronto-orbital and auditory areas. In the cerebellum, both the inhibitory and facilitatory area are located, and complicated. Stimulating electrodes were implanted permanently in various places of the cat's brain, through them the stimulation was applied, and the change in MT in the opposite side of hind limb was studied.
The effect of central stimulation on MT was studied.
If we cite an instance, the results are as follows: MT was inhibited by the stimuli of hypothalamus during stimulation, and was restored immediately or augmented after the interruption. The long inhibition (about 3 minutes) was observed by stimulation of N. hypothalamus ventromedialis.
The hypothalamus was noted to have an strong influence on MT, and it is very interesting to consider the close connection between the emotion of human being and MT as will be discussed later, since hypothalamus is the site of emotion.
MT was accelerated later than the beginning of stimulation, or in some cases after the interruption.
In any cases, the inhibition was not shown in the caudate nucleus. The marked inhibition was observed in the stimuli of the inferior colliculus, and the acceleration in the internal capsule.
Pharmacological and clinical studies It will be helpful to guess the origin of MT to know how MT is modified by various drugs. Table 1 shows the effects of drugs on MT in cats (table 1) . In human being, several drugs were tested. Metrazol also increases the amplitude and frequency of MT.
MT is accelerated by the hyperventilation and metrazol as though , the brain wave is enhanced by them. Especially, this effect is significant when MT is led from the eyelid, or in epileptic patients. Intravenous administration of mephenesin 3.3 mg/kg. reduced the amplitude of MT in all cases, at the same time the frequency of the wave other than a band reduced remarkably and a band occupied 70% of the whole. From this fact, it is suggested that the effect of resting on MT illustrates the muscle relaxation, and the waves other than a band, if a band is analogically considered as the a wave of EEG, will express some active elements.
Alcohol is a muscle relaxant, and after drinking alcohol, MT changed significantly. Intramuscular injection of chlorpromazine inhibits MT, but by the oral administration of a large dose, it increases the amplitude of MT from an early stage. A detailed analysis of frequency has not been done but the fluctuation of a mean period is not so remarkable.
It was found that the increase in the amplitude of MT is growing gradually before the muscle rigidity was appeared as a reaction to chlorpromazine.
Tremor of parkinsonism is a gross and visible tremor, and it is influenced and modified by the central nervous system above the spinal cord, and explained by the same machanism as MT. good. Marshall (1956) has objected to the theory that MT is caused by the feedback of stretch reflex, showing that the tremor is independent of a distance from the spinal cord, changes by the age, or appears by the section of dorsal roots.
These facts are contrary with our experiments.
(MT is inhibited markedly by the section of dorsal roots).
They considered that the muscle is a kind of low pass filter as possible reasons and that the discharges of below 15 cycles in motor fibers may change into mechanical oscillation, and higher discharges will be filtered. Harmoen et al. (1958) reported that in a large muscle the frequency of MT is slower than in a small one.
This seems to explain the low pass filter theory. However, these have no evidence theoretically.
The most appropriate idea is that MT will be caused by the autorhythmicity of motor neuron, spinal cord or strech reflexes.
The concept that the origin of MT is located in muscle fiber is supported by several experimental data in the present study as discussed in the experimental results.
Although the vibration originates in muscle, the nerve innervating the muscle and the spinal cord connecting with this nerve undoubtedly play important roles in the development of MT. This idea is indicated by the above mentioned data.
Another important fact found in the present study is that the section of dorsal roots markedly inhibits MT. This fact, together with the inhibition of MT by the section of ventral roots, indicates that MT is accomplished by the spinal reflex.
Thus the circuit for MT is considered as follows: -spinal cordventral root-efferent nerve-muscle fiber-afferent nerve-dorsal root-spinal cord.
Now that MT is likewise observed in the static state of muscle, the impulses to produce MT should pass through the small motor nerve system and through the afferent nerve from the muscle.
In our experiment of cats , the oppression given to the ear caused an acceleration of MT, followed by a marked inhibition, or an augmentation from the first. According to Granit, the pinna reflex has a strong element of gamma system, and when the ear is touched, the afferent impulse from the gamma motor system, muscle spindle, is influenced markedly, but has no effect on muscle contraction frequently. From this fact, it is suggested that MT has a close connection with the gamma motor system . The gradual decrease in amplitude and frequency of MT by the resting shows that MT has some relation to muscle relaxation and muscle tonus. 1) The rhythm of MT was principally 10 cycles per second , and its amplitude was 1-10 micron. MT was influenced by the resting, temperature and hyperventilation.
All other possible origins of the rhythm were excluded .
2) The originating mechanism of MT was discussed and it was suggested that the spinal reflex, especially gamma motor system , may be responsible to the production of MT. 3) Application of MT to the diagnosis of certain diseases will be possible in future.
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